Introduction {#sec1-1}
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Migraine is a primary headache disorder which predominantly affects young adults particularly women.\[[@ref1]\] It has been shown to affect 18% of women and 6.5% of men in United States.\[[@ref2]\] Worldwide approximately 240 millions of people have an estimated 1.4 billion attacks of migraine each year. Severe migraine has been included in the list of global burden of diseases by World Health Organization (WHO) and it represents a serious health problem both for individuals and society as this disabling disorder has a direct impact on quality of life.\[[@ref3]\]

Effective management of migraine depends on accurate diagnosis ruling out other causes for headache. In 1988 the International Headache Society published criteria for the diagnosis of a number of different headache types.\[[@ref4]\] Those for migraine headaches with or without aura are reproduced below:

ICH Diagnostic Criteria for Migraine {#sec1-2}
====================================
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### Migraine without Aura (MO) {#sec3-1}

This is diagnosed when there are at least five headache attacks lasting 4-72 hours (untreated or unsuccessfully treated), which has at least two of the four following characteristics:

Unilateral location, pulsating quality, moderate or severe intensity (inhibits or prohibits daily activities), aggravated by walking stairs or similar routine physical activity During headache at least one of the two following symptoms occur: Phonophobia and photophobia, nausea and/or vomiting

Migraine with aura (MA) is diagnosed when:

At least two attacks occur fulfilling with at least three of the following:

One or more fully reversible aura symptoms indicating focal cerebral cortical and/or brain stem functions, at least one aura symptom develops gradually over more than four minutes, or two or more symptoms occur in succession. No aura symptom lasts more than 60 minutes; if more than one aura symptom is present, accepted duration is proportionally increased. Headache follows aura with free interval of at least 60 minutes (it may also simultaneously begin with the aura. Migraine with typical aura is diagnosed when there is homonymous visual disturbance, unilateral paresthesias and/or numbness, unilateral weakness and aphasia or unclassifiable speech difficulty.

Management includes nonpharmacological, behavioral and physical measures and pharmacotherapy. Pharmacological treatment of migraine has equally important therapeutic and prophylactic components. Besides NSAIDS, opioids, and ergot alkaloids, triptans are the major contributor to the management of acute attack of migraine but producing partial relief or providing consistent response in 50-60% of patients. Even triptans can themselves induce headache in some patients. Prophylactic treatment is indicated if acute treatment alone is inadequate, patient is experiencing more than two to three attacks per month, when acute therapy is contraindicated, use of abortive medicine more than twice a month, presence of migraine with prolonged aura, hemiplegic migraine, migranous infarction.\[[@ref3][@ref5]\] A variety of diverse pharmacological classes of drugs are in use for prevention of attack. The goal of preventive therapy is to improve patients' quality of life by reducing migraine frequency, severity, and duration, and by increasing the responsiveness of acute migraine to treatment.\[[@ref5]\] The mechanism of action of most of prophylactic drugs is poorly understood as they have multiple mechanisms. It is postulated that their mode of action converge on twotargets that is inhibition of cortical excitation and resting nociceptive dysmodulation.\[[@ref6]\]

Trials have favoured the use of drugs like β-blockers (propranolol, timolol, metoprolol), antidepressant (amitriptyline), anticonvulsants (divalproex, topiramate, tiagabin, levetiracetam, zonisamide) as the first-line drugs for prevention but none is effective in all cases and none abolishes the attacks totally.\[[@ref6]\] Few clinical trials done so far have failed to prove any superiority of one prophylactic agent over the other.

Despite the availability of a number of drugs for aborting/preventing the migraine, a significant numbers of migraineurs are unable to achieve satisfactory results. Most of the drugs are associated with adverse drug reactions (ADRs) which are common and severe too.\[[@ref7]\] This has necessitated the need for searching altogether newer classes of drugs with different mechanisms which may be more efficacious and better tolerated than the already existing ones. Some clinical trials and case reports have justified the benefits of SSRIs, high-dose riboflavin, monteleukast sodium, magnesium, botulinum toxin and coumarin derivatives in migraine.\[[@ref2][@ref7]--[@ref9]\]

Role of Angiotensin-Converting Enzymes Inhibitors in Migraine {#sec1-3}
=============================================================

A new target which has recently caught the attention of researchers in migraine is 'Renin Angiotensin System (RAS).' RAS has neurophysiological, chemical and immunological effects that are relevant to pathophysiology of migraine.\[[@ref1]\] This fact directed the scientists to explore the usefulness of angiotensin-converting enzymes inhibitors (ACE inhibitors)/Angiotensin II receptor antagonists in the management of migraine. These drugs are extensively used for treatment of hypertension and congestive heart failure. The use of ACE inhibitors as prophylactic agents in headache was first proposed by Siceturi in 1981. Dramatic improvement was seen in 50% patients experiencing improvement in headache and 31% had partial relief. The rationale for this was inhibition of carboxypeptidase, an enkephalin-inactivating enzyme.\[[@ref10]\] This hypothesis was further supported by Baldi *et al*., in 1986.\[[@ref11]\] In 1992, research by Paterna *et al*., found the utility of captopril in preventing migraine.\[[@ref12]\] These initial steps strongly led to further research on the use of these drugs in migraine. There is no clear underlying mechanism of action relating, as the effect produced by them is probably not due to their effects on blood pressure.\[[@ref1]\] It has been suggested that the effect of ACE inhibitors can be related to their ability to increase norepinephrine and serotonin action on vascular tone.\[[@ref7]\] The postulated pharmacological effects which can be relevant in migraine are inhibition of conversion of angiotensin I to angiotensin II, inhibition of free radicals, alteration of sympathetic activity, increase in prostacyclin synthesis, inhibition of degradation of bradykinin, enkephalin and substance P.\[[@ref8]\]

Acting through angiotensin receptors, angiotensin II also modulates cerebrovascular flow and has effect on homeostasis, autonomic pathways and neuroendocrine system. In addition it has action on potassium and calcium channels too in cells.\[[@ref13][@ref14]\] Angiotensin II has been found experimentally to influence the tonic modulation of pineal melatonin synthesis.\[[@ref15]\] Angiotensin II has been shown to activate Neurokin in Factor Kappa B through AT~1~ and AT~2~ (Angiotensin receptors) receptors which is associated with increased expression of NO synthase.\[[@ref16][@ref17]\]

Thus angiotensin, by its multifaceted actions, is involved in pathogenesis of migraine providing one additional mechanism by virtue of which ACE inhibitors/angiotensin II receptor antagonists possess prophylactic role in migraine. Recently it has been found that genetic basis of migraine contributes a lot to define the role of ACE inhibitors/Angiotensin II receptor antagonist in migraine prophylaxis. In human serum, ACE levels are genetically determined. Individuals who are homozygous for DD allele (deletion allele) have increased ACE activity. Migraine is more common in persons with DD allele correlating higher ACE activity to more migraine attacks.\[[@ref18][@ref19]\] In a study, it has been seen that incidence of DD genotype in migraine with aura was significantly higher than controls (25.9% versus 12.5%, *P* value \<0.01).\[[@ref20]\]

Studies have shown that ACE inhibitors (enalapril, lisinopril) as well as angiotensin II receptor antagonists (candesartan, telmisartan) have proved to be effective in reducing frequency as well as severity of migraine attacks with minimal side effects. Outcome measures studied in most of trials showed decrease in number days of headache, number of days with migraine, hours with migraine, headache severity index, level of disability, improved quality of life and decrease in consumption of specific or nonspecific analgesics.

Case series, open label studies, randomized controlled clinical trials and meta-analysis have been done so far evaluating the role of ACE inhibitors/angiotensin II receptor antagonists for prevention of migraine. In a meta-analysis done by Etminan*et al*., data from 27 studies involving 12,110 patients were included. The risk of headache was about one-third lower in patients taking an angiotensin II receptor antagonist than in those taking placebo (RR 0.69; 95% confidence interval \[CI\]: 0.62 to 0.76; the test of heterogeneity was negative, *P* value 0.2). The odds ratio for having a headache per unit dose of the reference drug losartan was 0.81 (95% CI: 0.68-0.93).\[[@ref21]\]

Relevant studies predicting the clinical efficacy and tolerability of ACE inhibitors/Angiotensin II receptor antagonists are summarized in [Table 1](#T1){ref-type="table"}.
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Clinical studies of ACE inhibitors/angiotensin II receptor antagonists in prophylaxis of migraine
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Results of the above-mentioned studies clearly indicate the effectiveness and safety of ACE inhibitors/angiotensin II receptor antagonists, providing a new hope for chronic migraineurs. A special indication for the use of ACE inhibitors and angiotensin II receptor antagonists is migraineurs with bronchial asthma, intermittent claudication and conduction defects. Pregnancy is a known contraindication to the use of these drugs because of their ability to produce teratogenic effects in second and third trimester. Regarding tolerability, these drug classes have well established safety profile.

Conclusions {#sec1-4}
===========

ACE inhibitors and Angiotensin II receptor antagonists show a potential in prophylactic management of migraine. Patients with frequent headaches who do not respond to conventional prophylactic agents or in whom these drugs are contraindicated, trial of ACE inhibitors/Angiotensin II receptor antagonists can be useful. Their use should be considered as a long-term therapeutic approach to migraine prophylaxis. Further assessment by larger studies is warranted in future to evaluate whether the positive effects are shared by all ACE inhibitors/angiotensin II receptor antagonists.
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